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I n t r o d u c t io n
It would be inappropriate, at a meeting like this, to consider in detail 
the accuracy of the geodetic observations on which the investigations in 
the theory of isostasy are based, and to give detailed accounts of the 
methods employed in  making investigations. Many articles have been 
published which deal with the geodetic observations and with the isostatic 
investigations which are, no doubt, familiar to you. They can be con­
sulted by any one wishing to make an exhaustive study of the subject.2
1 M anuscript received by the Secretary o f the Society December 22, 1921.
This paper is one o f a series com posing a  sym posium  on isostasy .
2 John F. H a y fo r d : Figure o f the earth and isostasy  from m easurem ents in th e United
States. U. S. Coast and G eodetic Survey, 1909. (No number.)
John F. H a y fo rd : Supplem entary investigation  in 1909 o f the figure o f th e earth and
isostasy. U. S. Coast and Geodetic Survey, 1910. (N o number.)
John F. H ayford and W illiam  B ow ie : Effect of topography and iso sta tic  com pensa­
tion  upon the in ten sity  of gravity. U. S. Coast and Geodetic Survey Special Publication  
No. 10, 1912.
W illiam  B ow ie : E ffect of topography and isostatic  com pensation upon the intensity  
of gravity  (second paper). U. S. Coast and Geodetic Survey Special Publication No. 12, 
1912.
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I shall attempt to show what has been accomplished by the isostatic 
investigations. I shall also outline some conclusions of a geological na­
ture which seem to be justified.
E x t e n t  o f  is o s t a t ic  I n v e s t ig a t io n s
The geodetic data 011 which the investigations of isostasy have been 
based are confined largely to the areas of the United States, Canada, and 
India. Investigations are now under way by geodetic organizations in 
other countries, and it is hoped that the results may soon appear, in order 
that we may learn whether isostasy obtains in those countries. At pres­
ent, it may be said we are extrapolating in regard to the extent to which 
the condition of isostasy obtains throughout the world. In the first place, 
less than three-tenths of the surface of the efrth is land area, and the 
United States, India, and the part of Canada where gravity observations 
have been made comprise only about 10 or 12 per cent of the land surface. 
It will be seen, therefore, that our investigations in isostasy represent 
only about 3 per cent of the entire surface of the earth.
While it is true that the isostatic investigations have been confined to 
rather limited areas, we have within the areas in question a great variety 
of topography and of geological formations.
R e l a t io n  o f  G r a v it y  A n o m a l ie s  t o  T o p o g r a p h y
I think it can safely be said that there is 110 relation whatever between 
the character of the topography and the residual deflections of the ver­
tical or the gravity anomalies. This means that the theory of isostasy, 
as applied in the investigations, is applicable to areas having various 
elevations. Some of the deflection and gravity stations are at sealevel, 
with no elevation; others are on the highest mountains, while many are 
on the intermediate plains and plateaus. When we plot the gravity 
anomalies and draw curves of equal anomaly, it is impossible from these 
curves to detect the high and low ground. This condition is in striking 
contrast to that which obtains with the gravity anomalies based on the 
rigid-earth theory. When the earth’s crust is considered to be rigid, with 
masses above sealevel as extra loads on the earth’s crust, and the defi­
ciency of mass in the ocean an underload, we get anomalies which arc 
very much larger than those by the isostatic theory. The anomalies on 
the theory of a rigid earth are due to the isostatic compensation which is 
ignored in the reductions. With a gravity map drawn from these anom­
alies, it is possible to detect the areas where the ground is mountainous 
and where it is flat.
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While there is 110 apparent relation between the character of the topog­
raphy and the isostatic anomalies, there is a decided relation between 
certain geologic formations and the isostatic gravity anomalies. It was 
early found in the investigations of gravity and isostasy that there ap­
peared to be definite relations between the gravity anomalies and the 
Precambrian and the Cenozoic formations. This relation, first noticed 
at the beginning of the investigations of gravity and isostasy by Hayford 
and the speaker, has proved to exist to a very marked degree.
There are now in the United States, Canada, and India 131 gravity 
stations located on the Cenozoic formation. The average value of the 
anomaly, without regard to sign, is 0.024 dyne, while the average for all 
of the stations located in the United States, Canada, and India is 0.021 
dyne. The mean anomaly, with regard to sign, is — 0.015 dyne, while 
for all of the gravity stations in the areas in question the mean with re­
gard to sign is — 0.006 dyne. Of the Cenozoic stations under consider­
ation, 87 have negative anomalies and only 42 have positive anomalies.
With regard to the Precambrian stations, we have 38 in the United 
States, Canada, and India. The mean anomaly without regard to sign is
0.022 dyne, while the mean with regard to sign is -(-0.006 dyne. Of the 
38 Precambrian stations, 27 have positive anomalies and only 11 have 
negative anomalies. It was thought for some time, especially by the op­
ponents of the theory of isostasy, that the presence of the large anomalies 
on the Cenozoic and Precambrian formations were indications of the 
strength of the earth’s crust, and that they indicated the magnitude of 
the departures from a perfect isostatic state.
The speaker, in his investigations, reached the conclusion that the Pre­
cambrian and the Cenozoic gravity anomalies did not indicate a departure 
from the isostatic condition, but that the persistence in sign is an indica­
tion of the effect of the light material of the Cenozoic formation close to 
the station, or of the extra heavy material of the Precambrian formation 
close to the station, and that probably the columns under these formations 
are normal in mass, the light material or heavy material being compen­
sated by material heavier or lighter than normal and lower in the isostatic 
shell.3
This view has gained favor during the last few years and has received 
very strong indorsement from Sir Sidney Burrard, former Surveyor-
3 W illiam  B o w ie : Investigations of gravity  and isostasy . U. S. Coast and Geodetic 
Survey Special Publication No. 40, p. 70.
W illiam  B o w ie : Our present knowledge o f isostasy  from  geodetic evidence. Journal 
of Geology, July-A ugust, 1917, pp. 422-445.
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General of India. In professional paper number 17 of the Trigonomet­
rical Survey of India, entitled “Investigations of isostasy in Himalayan 
and neighboring regions,” Burrard reviewed the literature dealing with 
the negative anomalies at gravity stations located on the Cenozoic forma­
tion in India, especially the Indo-Gangetic plain, and outlined briefly the 
attempts which had been made to explain the persistent negative sign. 
In this book he quotes from special publication number -10 of the United 
States Coast and Geodetic Survey, as follows :
“In India there is a broad belt of recent geologic m aterial running approxi­
mately east and west a t the foot of the Himalaya Mountains. The stations 
on the recent formation, which no doubt is largely due to the deposition of 
materials eroded from the mountains, have in  general negative anomalies. I t  
is impossible th a t the addition of materials could make the pressure less than 
normal on the surface a t the depth of compensation. We may therefore con­
clude th a t isostatic adjustm ent probably follows the deposition of materials, 
and th a t the negative anomaly is probably due to the lighter m aterials in the 
upper crust.”
Following this quotation from special publication number 40, Colonel 
Burrard said:
“In consequence of Bowie’s contention th a t the negative anomalies are evi­
dence of the isostatic compensation of the Gangetic trough, I have lately made 
a series of calculations to test the correctness of this view. Although in the 
past I had never been able to perceive any strong geodetic evidence either for 
or against the isostatic compensation of the trough, I am now of the opinion 
tha t Bowie’s contention is probably correct; for reasons which I will subse­
quently explain, I  consider th a t the evidence available favors the view that 
the Gangetic deposits are compensated.”
Burrard also stated in his book that he agreed with the speaker that it 
may be possible to ascribe the negative gravity anomalies to the Cenozoic 
formation.
I s o s t a t ic  A d j u s t m e n t  o f  D e l t a  F o r m a t io n s  '
Delta formations have been held by some geologists to be evidence of 
the ability of the earth’s crust to withstand heavy loads.4 But such evi­
dence as we have at hand indicates that values of gravity on delta-forma- 
tion areas are as nearly normal as the values of gravity stations on the 
Cenozoic material, which is inland from the coast, such, for instance, as 
the Indo-Gangetic plains. Wherever we have gravity stations on deltas,
4 Joseph Barrell : The stren gth  o f th e earth ’s crust. Journal o f Geology, vol. xxii, no. 
1-8, 1914 ; vol. xxiii, nos. 1, 5, and 6, 1915.
B ailey W illis : D iscoidal structure of the lithosphere. Bull. Geol. Soc. Am., vol. 31. 
no. 2, June, 1920.
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the gravity anomalies tend to be negative in sign and are of about the 
average size of the anomalies on other Cenozoie material.
If we assume that the density of the delta material is about 2.2, it is 
evident that the material now occupying the volume once occupied by 
the water is 2.2 times as heavy as the water which formerly occupied the 
space. If  this added mass were an overload on the earth’s crust, then we 
should certainly expect the gravity anomalies to be positive, owing to the 
increased attraction of the added material. The fact that the gravity 
anomalies tend to be negative and often large would indicate that there 
is considerable depth to the delta deposits, and that probably the column 
under the delta formation has normal mass and is in isostatic equilib­
rium. This question of the delta material and the strength of the earth’s 
crust is treated in a paper5 by the speaker which has recently appeared.
Of eight gravity stations recently established by the Coast and Geo­
detic Survey on or very near to the delta of the Mississippi River, four 
have negative and four positive anomalies. The average of these anom­
alies with regard to sign is — 0.006. If we include the station at New 
Orleans, previously established, the average is —0.008. This is evidence 
against the Mississippi Delta’s being an uncompensated load.
C o m p l e t e n e s s  o f  is o s t a t ic  A d j u s t m e n t
If we find that there is no relation between the topography and the 
deflections of the vertical or gravity anomalies, and if we can give a 
rational interpretation of the sizes and signs of the anomalies found on 
the Cenozoie and Preeambrian formations, and if there is no definite rela­
tion between the signs and sizes of the anomalies and other geological 
formations, are we not justified in assuming that, as far as the areas 
covered by the investigations are concerned, they are in a state of equilib­
rium, and that isostasy within those areas is nearly perfect? It would 
also seem to be reasonable for us to assume that other areas which have 
not been included in our investigations, but which in their topographic 
features and geologic formations are similar to the United States, Canada, 
and India, are also in isostatic equilibrium. It may be that we would also 
be justified in assuming that the crust under the ocean area is in equilib­
rium. It is possible that we are assuming too much in this, but it is the 
speaker’s belief that when we shall have perfected an apparatus for the 
accurate determination of gravity at sea, we shall find the ocean areas in 
about the same degree of isostatic equilibrium as is found for the land 
areas.
n W illiam  B o w ie : The relation o f iso stasy  to u p lift and subsidence. Am erican Journal 
of Science, vol. ii, July, 1921.
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D e p t h  o f  C o m p e n s a t io n
In our iso&tatic investigations we have assumed uniform distribution 
of isostatic compensation with respect to depth. This was done for two 
purposes: In the first place, to make it  possible to carry on the great 
amount of work involved in computing the topographic effect on the 
plumb line and on the pendulum, and in the second place because uniform 
distribution is a mean of all the possible methods of distribution. We 
do not, of course, feel that the compensation is exactly uniformly dis­
tributed, but it is probable that, no matter what the distribution may be, 
the effect on the geodetic data would be about the same as uniform dis­
tribution. At least the uniform distribution has had a remarkable suc­
cess in eliminating deflections of the vertical and in reducing gravity 
anomalies without leaving any apparent relation between the topography 
and the residuals.
From the investigations involving the deflections of the vertical and 
isostasy and those dealing with the values of gravity and isostasy, depths 
of compensation have been derived. The depth of compensation is a term 
used to indicate that there is a surface concentric with sealevel below 
which there is no isostatic compensation. It is not probable that the 
depth of compensation is a definite surface, nor is it probable that the 
compensation extends always to the same surface or zone. It is certain 
that we do have somewhere below sealevel such changes in the conditions 
of temperature and pressure that the material of the crust is transformed 
from a resisting to a yielding mass.
We have a horizontal movement of the material somewhere below the 
surface of the earth’s crust which tends to maintain the equilibrium be­
tween blocks of the isostatie shell. It is well known that tens of thou­
sands of feet of material have been eroded from mountain areas and de­
posited at low altitudes. The gravity results and the deflections of the 
vertical show that areas of erosion and areas of deposition are approxi­
mately in equilibrium, and therefore we must have had transference of 
material from the column under the sedimentary area back to the column 
under the area of erosion. The question is, Where does this flow take 
place ?
The material of the earth’s crust offers great resistance to horizontal 
movements within it, although it yields vertically rather easily to loads 
that are laid down on its surface. If  the material of the crust itself were 
plastic to horizontal forces, we might expect mountain masses to overflow 
surrounding plains and the continents to flatten out into the ocean bot­
toms. This does not happen. I t  is reasonably certain that the material
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of the crust does not yield horizontally to any marked degree under the 
stress differences between high columns and low ones until the depth of 
compensation has been reached. Below the depth of compensation, the 
material must yield horizontally to rather low stress differences acting 
for long periods. It is readily understood that the stress difference is 
from a column of the isostatic shell under a mountain area toward a 
column under the adjacent plain until we have reached the lower surface 
of the isostatic shell.
It is hardly probable that the temperature and pressure conditions .of 
the plastic material differ much at various places, and therefore we may 
assume that the depth of compensation does not vary materially from 
place to place. It  is possible that the depth below sealevel of flow is 
somewhat greater under oceans than under continents, owing to the 
shorter columns.
R e g io n a l  D is t r ib u t io n  o f  C o m p e n s a t io n
In making the computations involved in the isostatic investigations, it 
was assumed that every topographic feature was compensated by a defi­
ciency or an excess of density in the earth’s crust directly beneath it, even 
to the extent of having the compensation confined to a column that is 
only a fraction of a square mile in cross-section. No advocate of isostasy 
would agree that it is possible to have each small column compensated 
independently of surrounding regions.
A test was made and reported on in special publication number 40 of 
the United States Coast and Geodetic Survey, to show whether regional 
distribution of isostatic compensation is more reasonable than the local 
compensation. It was found that the gravity anomalies were reduced as 
effectively by regional distribution of compensation out to a distance of 
36 miles from the station as by local compensation; but when the com­
pensation was distributed to a distance of 100 miles from the station, the 
gravity anomalies became systematic in their appearance and it was 
found that there was a definite relation between the elevation of the sta­
tion and the gravity anomaly. It is reasonably certain that there is no 
strictly local distribution of the isostatic compensation, but it is equally 
improbable that the compensation is distributed for great distances from 
the topographic features. After consideration of the resistance to vertical 
movement by a column of the isostatic shell, the speaker believes that the 
column which may be in isostatic equilibrium, independently of the sur­
rounding areas, is of the order of magnitude of one square degree at the 
equator, or about 70 miles square.
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There has been diversity of opinion as to the size of the topographic 
feature which might escape compensation. This subject has been much 
confused by the fact that there has not been made a clear distinction be­
tween the horizontal extent of the topographic feature which may escape 
compensation and the cross-section of the column of the isostatie shell 
which may be in equilibrium independently.
A test was recently made of the mass which might escape compensation 
and the results have appeared in one of the papers0 of the speaker. This 
test shows that for stations at high elevations the compensation of the 
surrounding topography can not be ignored to any great extent without 
having a very marked effect on the gravity anomalies.
When the compensation of the topography for a disk with a radius of 
about 18 miles and 3,000 feet in thickness was ignored, the gravity 
anomalies became much larger than they were when all the topography 
was considered to be compensated, and 37 of the anomalies at the 42 sta­
tions used had negative signs. When the area of the disk was given a 
radius of about 36 miles, the anomalies were still further increased in 
size and all of them except one had the negative sign.
The conclusion from this test would seem to be that a disk of material 
3,000 feet in thickness and 18 miles in radius is largely compensated. 
Considering the mass above sealevel forming a continent, this amount of 
topography is very small.
The compensation of this disk 3,000 feet in thickness and 18 miles in 
radius is probably not directly under the material, but is distributed 
somewhat regionally.
After a consideration of this test, made to show the size of the topo­
graphic feature which may not be compensated, we are led to the con­
clusion that a mountain system certainly does not escape compensation.
It should fye recognized that the mountains and the oceans are not com­
pensated by a deficiency of density under the land and an excess of density 
under the oceans, but that the landmasses compensate the deficiency of 
density in the isostatic shell below them and the deficiency of mass in the 
oceans compensates the excess density below the oceans. The landmasses 
and deficiency in the oceans are the effect rather than the cause of the 
isostatic compensation.
M o u n t a i n  F o r m a t i o n  b y  v e r t i c a l  versus h o r i z o n t a l  M o v e m e n t s
I f  we accept isostasy as substantially true, and it would seem to be very 
logical that we should do so after considering the geodetic evidence and
6 Some geologic conclusions from  geodetic data. Proceedings of N ational Academy of 
Sciences, vol. 7, no. 1, January, 1921, pp. 23-28.
the results of the isostatic investigations, then we are justified in con­
cluding that probably the earth’s crust has been in the same condition of 
isostatic equilibrium throughout geological ages. We can not conceive 
of the physical conditions of the earth’s material being very different 
since the earliest geological record.
If we have had the isostatic condition throughout geological times, 
then we are forced to the conclusion that mountain masses have never 
been extra loads on the earth’s crust, and therefore that they are not due 
to regional horizontal forces sending the earth’s material into great ele­
vations. If we can not have mountains formed by horizontally acting 
forces, then we are compelled to accept the theory that they are due to 
local vertical forces and movements.
As mountain systems have always been formed in areas which were 
previously occupied by heavy sediments, there must have been a change 
in the density of material during the process of mountain uplift. Do we 
not have here the key to the situation ? We know that the density in the 
earth’s crust is a function of the elevation of the surface, and we know 
that this surface has changed greatly in elevation from one geological 
period to another, and that, in the process of changing a density to a 
smaller one, movement must take place. We have here, I  believe, the 
cause of the uplift, which is the lengthening of the column under the 
sedimentary material, as the material expands and decreases its density.
Distortion of the sedimentary strata of the earth’s crust has generally 
been held to be largely due to regional horizontal forces. It would appear 
that much of this distortion could be caused by vertical movements. 
Sedimentary matter is generally deposited in a very irregular way. As 
material is deposited in different parts of a region at different times and 
at different rates, we should expect a great amount of distortion of the 
sedimentary strata and also of the material at the base of the sediments 
during the period of sedimentation. The greatest distortion of the ma­
terial would probably be near the edges of the sedimentary area where 
resistance to settlement would be greatest.
When sedimentation of a region has ceased, then there is probably a 
period of quiescence and later of uplift. During the uplift the region 
will undoubtedly rise in different places at different times and rates. As 
a result of this irregular upward movement, we should expect a great 
amount of distortion of the recent sedimentary material and also of the 
material on which the sediments had been laid. During this process of 
uplift it is probable that at some places there would be developed forces 
which would be inclined to the vertical, and in some cases they might be 
even horizontal.
M O U N T A IN  FO R M A TIO N  BY V ER TIC A L VS. H O R IZO N TA L FO RC ES 281
282 W . B O W IE---- T H EO R Y  OP ISOSTASY
There is much distortion of the material of the earth’s crust during 
the isostatic adjustment of an area of active erosion. In order to main­
tain equilibrium in any particular area that is undergoing erosion, ma­
terial equal in mass to that eroded must be brought into the lower part 
of the column. It is probable that the material brought into the column 
is as much as 10 per cent heavier than that eroded from the surface. 
Let us assume that the difference is exactly 10 per cent. Then as a cer­
tain thickness of material is eroded from the surface, the elevation will 
be lowered by about 10 per cent of the thickness of the disk that has been 
removed. It is possible that a mountain area may have 30,000 or 40,000 
feet of material eroded before the area is baseleveled.
The reason that the magma is exposed in the older mountains is that, 
as -erosion takes place, the mountain area is maintained approximately 
in its elevation, thus permitting long-continued erosion of the sediment­
ary material from the area.
During the process of uplift of the material of the column under the 
eroded area due to the isostatic adjustment, there will be distortion of the 
material which is sufficiently plastic to yield under the vertical stresses 
acting on them. There will be fracture of material close to the surface 
that is so weak as not to be able to resist the movement and at the same 
time not sufficiently plastic to yield without fracturing.
It is probable that many earthquakes are due to the process of isostatic 
adjustment, which tends to maintain the elevation of a mountain area as 
erosion continues and which causes the earth block under an area of 
deposition to subside. This point was discussed by Eeid some time ago 
in his article entitled “Isostasy and mountain ranges.” 7
The geodetic evidence is sufficient to justify us in eliminating regional 
horizontal thrusts as the cause of the uplift of the mountain area, and the 
geodetic data are also such as to make us feel that the downwarping or 
subsidence of an area that is being sedimented can not be due to regional 
horizontal thrusts. The evidence would appear to justify our holding 
that mountains are caused by an actual decrease in the density in the 
column under them, and that the elevations of mountains, after erosion 
begins, are approximately maintained by the isostatic adjustment which 
brings material into the column under the mountain area. The subsi­
dence of a surface in an area of sedimentation is probably due both to 
the load of sediments and to an actual contraction of the material of the 
column.
If we have been successful in eliminating regional horizontal thrusts 
as the cause of the uplifting of mountain areas, then we must seek for
7 Proceedings of American Philosophical Society, 1911, pp. 444-451.
the cause of the uplift by vertical movements. The speaker discussed 
this subject in two papers which have recently appeared.8
Of course, it is not known what is the real cause of a change of density 
in a column under a sedimentary area, but by a process of elimination we 
have left, as a possible cause, the great change in temperature which must 
take place as the sediments are increased in thickness. We have evidence 
that areas have had as much as 30,000 or 40,000 feet of sediments laid 
down on them in one geological age. Let us assume a thickness of 30,000 
feet, or about six miles. All of the sediments undoubtedly were deposited 
at an elevation very little diiferent from sealevel. This means that, as 
the sediments were laid on, the block of the earth’s crust under them sank 
deeper into the earth. Most of the material of the block was lowered 
approximately to the extent of the depth of the sediments over it, and 
consequently the material lowered would be raised in temperature by an 
amount equal to the difference in temperature for the change in depth. It 
is not known what the temparture gradient is below the outer 7,000 feet 
of the earth's material, but if we have for the first 60 miles or so of the 
earth a temperature gradient equal to what we find near the surface, the 
difference in temperature for a six-mile change in depth would be ap­
proximately 300 degrees centigrade.
If no increase in temperature occurred in the material of the block 
until after sedimentation had ceased, then the geoisotherms would have 
been depressed to the extent that the material in the block went down. 
The geoisotherms would eventually rise to their normal positions through 
the depressed block and the change in temperature would undoubtedly 
have some effect, physical or chemical, or a combination of both, on the 
material, which might expand it sufficiently to cause uplift at the surface, 
thus transforming a surface of sedimentation approximately at sealevel 
into an area of uplift thousands of feet in elevation. It is probable that 
there is a tendency for the geoisotherms to maintain their normal depths 
below sealevel during the process of erosion and subsidence, but when we 
consider that the area of erosion may be 100 or 200 miles in width and 
many miles in length, we are inclined to believe that there is a consider­
able lag in temperature of the subsiding column. It is true, of course, 
that the material below the bottom of the column and at its sides will 
tend to give off its heat to the colder subsiding material, but this process 
will tend to cool the sides and bottom material and thus retard the pas­
sage of heat from the bottom and sides to the subsiding column. The
8 The relation of iso stasy  to u p lift and subsidence. American Journal of Science, vol. 
2, July, 1921.
Some geological conclusions from  geodetic data. Proceedings o f N ation al Academy 
of Sciences, vol. 7, no. 1, January, 1921, pp. 23-28.
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speaker believes that the geoisotherms are considerably depressed as sedi­
mentation progresses, although he has no experimental evidence that 
would lead him to this conclusion.
The change of density could not possibly be due only to the usual ther­
mal expansion of the material. I f  the material of the column had the 
cubical coefficient of expansion of 0.000038 per degree centigrade and 
was raised to a temperature 300 degrees centigrade higher than it had 
before, we should expect an elevation of the surface of only about 3,500 
feet if the column is 60 miles in length.
If we assume that an area has been elevated to an average of 9,000 feet, 
an increase of about 3 per cent in the length of the column of 60 miles 
must have occurred. It  is seen that there must have been some other 
process taking place in the column under a sedimentary area than merely 
thermal expansion, and this process possibly is a physical or chemical 
rearrangement of the elements of the material resulting in a decrease in 
density.
As erosion continues in an uplifted area the isostatic balance of the 
block below the area is maintained by a horizontal flow of material into 
the block at its lower end. This inflowing material is undoubtedly denser 
than the material eroded from the surface. Let it  be assumed that the 
density is exactly 10 per cent greater. Then as 1,000 feet of material is 
eroded from the surface a disk only about 900 feet thick is brought into 
the column, and in consequence the surface has been lowered 100 feet. 
It is seen from this that, in  order to baselevel a mountain system, far 
more material must be eroded than that represented by material which 
is above sealevel when erosion began. In order to lower an area 5,000 
feet, approximately 50,000 feet of material has to be eroded from the 
area, on this assumption. I t  has puzzled geologists in some of their in­
vestigations to account for the vast amounts of deposits over a very large 
area during a single geological formation; but when we realize that per­
haps ten times as much material is eroded from a mountain area as is 
represented by a change in the average elevation of the area, we see that 
it is not so difficult to understand the source of the sedimentary material.
As the isostatic adjustment continues with erosion, the block under the 
area of erosion is raised a number of miles above its former position—  
that is, each particle of the block will have been elevated an amount ap­
proximately equal to the total thickness of the material which has been 
eroded. Let us assume that there have been six miles of material eroded 
from a mountain area, while the elevation of the surface has been de­
pressed about 3,000 feet. Then the particles of the block, on an average, 
have been raised above their former position to the extent of about six
miles. This will mean that each particle is brought into a zone which is 
colder than the one it formerly occupied. If we assume the same tem­
perature gradient as before, we shall have a change in temperature of 
each of the particles of the column under the area of erosion of about 300 
degrees centigrade. It is hardly probable that the geoisotherms maintain 
their normal depths below sealevel during the process of uplift. The only 
way that the material of the block can lose its heat is at the surface and 
at the sides of the rising block. Undoubtedly, there is some cooling of 
the material of the rising block as erosion takes place, but it  seems prob­
able that the geoisotherms are far above their normal positions at the 
time erosion ceases. When erosion has ceased and there is a period of 
quiescence, the geoisotherms would, undoubtedly, return to their normal 
position through loss of heat at the surface and to a certain extent at the 
sides of the block. During the process of this change of temperature, 
there would be a thermal contraction of the material of the block which 
would change its length by approximately 3,500 feet if the cubical coeffi­
cient of expansion of the material of the block were 0.000038 per degree 
centigrade and if the difference in temperature were 300 degrees centi­
grade. Whether this is all of the contraction that occurs in a block under 
an area of erosion after erosion has ceased is, of course, not known, but it 
would seem to be logical to conclude that contraction is also occurring 
from some other cause than thermal contraction, which will make the 
surface of the area sink to sealevel or even below.
It is probable that contraction of a column that was once under an 
elevated area continues by loss of heat and some other process during the 
time that sediments are being placed on the area. It is the speaker’s belief 
that this contraction of a column under an area of former active erosion 
is a factor in determining the position at which sediment is deposited 
subsequently. There seems to be a cycle by which we have uplift and 
erosion in one area with a downwarping and sedimentation in another 
area not far distant, followed by baseleveling and contraction of the col­
umn under the erosion area and an expansion and uplift of the column 
under the sediment. Areas of erosion and sedimentation have changed 
places in the past and it  would appear possible that this change takes 
place continuously. It is understood that the Alps have been a region 
of erosion and of sedimentation several times; also that the Appalachian 
system has been an area of elevation and an area of sedimentation more 
than once. It may be that the change of temperature in a block that is 
sinking under sediments and another block that is rising under erosion 
may not be the real cause of the expansion in one case and the contrac­
tion in another, but at least we have the processes which are competent
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to make some change, and this is far better than many of the older geo­
logical theories regarding uplift and subsidence which had no apparent 
cause for the change.
Aside from the geodetic evidence against regional horizontal forces 
acting to throw up mountains, we must consider that the material in 
mountain areas which show horizontal movements is usually quite thin. 
A layer of material a mile in thickness is about the maximum that we 
might expect to find. With material of such thinness, being merely a 
veneer on the earth’s crust, we should not expect sufficient strength to 
justify the idea that the movement has been due to forces acting through 
hundreds of thousands of square miles of area outside of the mountain 
region. Such thin material would certainly buckle locally rather than 
transmit stresses for great distances. This material is frequently warped 
in the areas outside of the mountains, and therefore any tendency of a 
regional horizontal force to act through this thin disk'would undoubtedly 
cause it to buckle locally and not to transmit the force necessary to cause 
distant uplift. In addition, the force would have to overcome the tre­
mendous resistance to shear between this thin veneer* and the material 
of the earth’s crust below it.
An analysis of the mechanics of the problem shows so many reasons 
why regional forces can not be the cause of distortion that we must aban­
don the whole theory of regional horizontal thrusts and accept one that 
is in closer harmony with the data available and that will not conflict 
with the usual processes of mechanics.
Reid9 some years ago, and recently Burrard,10 concluded that the theory 
that mountains are caused by regional horizontal forces is not in accord 
with the theory of isostasy.
There is evidence that there are many places which have been uplifted 
or depressed by very small amounts in comparison with the movements 
that have occurred in mountain areas. In fact, there is scarcely any part 
of the earth’s surface that has not been elevated or depressed, relative to 
the position held at some former geological period. These movements, 
while of very much less importance than the great movements caused in 
areas of heavy sedimentation and mountain uplift, are nevertheless im­
portant from a geophysical and geological standpoint and should be con­
sidered. But the principal thing is to arrive at some definite conclusion 
in regard to the cause of the larger vertical movements.
8 H . F. R e id : Isostasy  and m ountain ranges. Proceedings o f American P h ilosophical
Society, 1911, pp. 444-451.
10 Sidney B u rrard : On the origin of m ountains. G eographical Journal, September, 
1921.
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